been menopausal since age 53 and for approximately 1 year, had noted undesired increased libido and hirsutism. Although she was not sexually active with her husband, she experienced frequent and unprovoked spontaneous orgasms. She also reported hair growth on her arms, shoulders, chin and upper lip as well as recession of her hairline and thinning of hair on her scalp. The patient's medical history was remarkable for recently diagnosed subclinical hyperthyroidism, osteoporosis, obesity, as well as Meniere's disease, hypertension and chronic obstructive pulmonary disease. She also had a long-standing history of type 2 diabetes mellitus on oral hypoglycemics with a baseline hemoglobin A1C value of 6.2%. Her obstetrical history was significant for 2 terms, uncomplicated vaginal deliveries. Her gynecologic history included late onset of menarche at the age of 16 and a history of life-long oligomenorrhea. Other than a twenty-pack year smoking history, she reported no other significant medical comorbidities.
On evaluation, the patient was noted to have normal vital signs with a body mass index of 36.6 kg/m 2 . She appeared hirsute with facial and lower abdominal hair growth as well as male pattern alopecia. She also exhibited cervicodorsal protuberance ("buffalo hump") and clitoromegaly, above the upper limit for her age. Laboratory assessment demonstrated elevated free (12.0 pg/mL) and total (115 ng/dL) testosterone, but normal 17-hydroxyprogesterone (39 ng/dL), dehydroepiandrosterone (57 mcg/dL), and its sulfate (36 mcg/dL). Prolactin (10.6 ng/mL), estradiol (18 pg/mL), luteinizing hormone (43.1 mIU/mL) and follicular stimulating hormone (48.5 mIU/mL) were all within normal limits for a postmenopausal woman. Thyroid stimulating hormone levels were very low (< 0.005 uU/mL), and the patient was started on methimazole for hyperthyroidism. Additional laboratory values,such as glucose tolerance testing and insulin levels, were unavailable.
Introduction
Ovarian stromal hyperthecosis (OSH) is an uncommon clinical entity. According to the 2014 WHO classification of gynecologic tumors, it has been documented in one-third of patients older than age 55 years of age in autopsy studies [1] . This disorder usually presents in the second or third decade of life with menstrual irregularity as well as signs of virilization. Presentation in the post-menopausal period is less common, but has been reported. The true incidence and etiology of this condition are unknown. Treatment involves medical therapy including hormonal suppression or surgical management, such as ovarian wedge resection or oophorectomy.
Case
A 67 year-old Caucasian woman, gravida 2 para 2 presented to our clinic for evaluation of symptoms of virilization. The patient had
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Background: Ovarian stromal hyperthecosis is an uncommon disorder reported only in case reports and small case series. Patients typically present with menstrual irregularity and virilization.
Case: A 67 year-old postmenopausal patient presented complaining of increased libido, hirsutism and male pattern hair loss. Laboratory investigation revealed elevated testosterone levels. Pelvic imaging including ultrasound and MRI demonstrated bilaterally enlarged ovaries. Administration of a GnRH antagonist failed to suppress androgen levels. After bilateral oophorectomy, pathology demonstrated bilateral ovarian stromal hyperthecosis. Shortly after surgery, the patient's hyperandrogenemia and symptoms resolved.
Conclusion: This is a rare report of a patient, who presented with virilization and hyperandrogenemia refractory to suppression with a GnRH antagonist due to ovarian stromal hyperthecosis. Given the overlapping concerns of potential occult ovarian cancer in patients with hyperandrogenemia and virilization, we suggest that providers consider oophorectomy rather than hormonal suppression in postmenopausal patients or in women who have completed childbearing.
55 years of age in autopsy studies (although a reference is not cited in the report) [1] . The available literature regarding OSH consists of case reports and small case series. Patients are usually in their second or third decade of life and exhibit menstrual irregularities or oligomenorrhea. Virilization, such as baldness, facial hair growth, voice changes and clitoral hypertrophy may occur [3] . Patients with OSH produce up to eight times as much testosterone and three times as much androstenedione as patients without ovarian pathology [6] . The degree of virilization a patient exhibits closely correlates with testosterone production; however, OSH has been reported in patients without frank signs of virilization [7] . Some women with OSH have high peripheral levels of circulating estrogen, which may be a result of peripheral aromatization of androgen rather than an intrinsic ovarian process [8] . Of note, these elevated estrogen levels can result in endometrial overgrowth, including hyperplasia, and thus, abnormal uterine bleeding in the setting of OSH. Our patient's endometrial lining was thickened despite low estradiol levels and workup with endometrial biopsy preoperatively revealed a polyp and benign pathology.
The excess androgen production seems to arise from the luteinized stromal cells of the enlarged ovary [7] . Some investigators have suggested that enzymatic defects in these cells may result in increased androgen secretion [8] [9] [10] . However, other studies have demonstrated that hyperandrogenemia results from the increased volume of stromal tissue itself rather than abnormal biochemical function of the ovary [11] . Some groups have shown that administration of a GnRH agonist can suppress circulating androgen levels, suggesting that OSH may not be autonomous, but instead may rely on gonadotropin secretion [12] [13] [14] .
The sonographic features of OSH are variable but the ovaries can be normal or increased in size and typically exhibit a round shape [15] . On color Doppler, no areas of increased vascularity are seen [16] . The first MRI case report described symmetric ovarian enlargement, homogeneous T2 hypointensity, and mild enhancement post contrast [17] . One other case report described bilateral ovarian masses that showed isointensity to myometrium on both T1 and T2 weighted sequences [18] . This patient's differential diagnosis as suggested by her MRI findings includes ovarian fibromas, however, in this entity, there is partial sparing of the ovaries with visualization of the follicles and a thick rind of hypointense tissue [17, 19, 20] . Ovarian fibromas are also T2 hypointense and minimally enhance, but are well-defined masses and typically unilateral [21] . Her differential diagnosis also includes a potential hilus cell tumor which is often small and 2.6 ± 2.0 cm 3 ) [2] , a MRI was performed, which showed a thickened endometrial stripe of 9 mm with bilaterally enlarged ovaries and stromal enlargement (Figure 1 ). Endometrial biopsy showed atrophic endometrium with an endometrial polyp.
Potential treatment options were reviewed, including hormonal suppression as well as surgery. The patient received a dose of 250 mcg of the GnRH antagonist Ganirelex acetate subcutaneously, which failed to suppress her peripheral androgen levels (free testosterone 9.3 pg/mL and total testosterone 94 ng/dL one day after treatment). She underwent a laparoscopic-assisted vaginal hysterectomy with bilateral salpingo-oophorectomy. Frozen section pathology returned consistent with endometrial polyp and grossly unremarkable ovaries. Final pathology demonstrated an 88 gram uterus with multiple intrauterine leiomyomata and atrophic endometrium. The ovaries measured 3 cm in largest dimension bilaterally, and on microscopic examination showed bilateral nodular stromal hyperthecosis ( Figure  2 ). Immediately after surgery, the patient's free (5.0 pg/mL) and total (27 ng/dL) testosterone levels fell to normal limits and at her one month follow up visit, she stated that her libido had dramatically decreased and the spontaneous orgasms had resolved. Repeat androgen levels were further decreased and in the normal postmenopausal range (free testosterone 0.8 pg/mL, total testosterone 8 ng/dL).
Discussion
The differential diagnosis of hyperandrogenemia includes pituitary, ovarian, and adrenal sources of androgen production. Among ovarian pathologies, polycystic ovarian syndrome (PCOS) is the most common cause of hirsutism and hyperandrogenism. In contrast to PCOS, patients with OSH will usually present with signs of frank masculinization rather than uncomplicated hirsutism or dermatologic changes [3] .
The first reported case of OSH was presented in 1943 by Dr. Fraenkel, who described a 32 year old female with virilization and ovarian stromal thickening [4] . OSH was not recognized as a clinical syndrome until 1949 when Culiner and Shippel described virilization in a patient with characteristic features of OSH. Their group defined the disorder as virilization resulting from bilaterally enlarged ovaries, hyperplasia and luteinization of the theca interna cells [5] . Current pathological definition of OSH includes presence of luteinized cells -singly or in small nests and nodules measuring less than 1 cmtypically associated with stromal hyperplasia [1] .
Little is known about the true incidence or etiology of this disorder. According to the 2014 WHO classification of gynecologic tumors, it has been documented in one-third of patients older than overlooked. However, in this case, the slice-thickness on the T2 weighted scan was 5 mm, and on the post contrast scan it was 4.8 mm. A hilus cell tumor would demonstrate a higher (brighter) signal with greater enhancement on the T2 weighted scan. Both ovaries were serially sectioned for pathology at 3 mm intervals and submitted entirely for microscopic evaluation. No hilus cell tumor was present microscopically in either ovary after careful microscopic analysis.
Here we present an unusual case of a postmenopausal woman with virilization and hyperandrogenemia secondary to OSH, which failed hormonal suppression with a GnRH antagonist, a drug which competes with natural GnRH for binding to GnRH receptors, thus suppressing ovarian hormonal function. In this patient, we used a GnRH antagonist to demonstrate gonadotropin-independent androgen production by her ovaries. It is difficult to define "normal ranges" of total serum testosterone levels in postmenopausal women. Many laboratories list normal levels up to 70-80 ng/dL; however publications have reported normal levels between 30-40 ng/dL in premenopausal women and between 20-30 ng/dL in postmenopausal women [22] . Our patient had total testosterone levels as high as 115 ng/dL, and levels did not decrease after administration of a GnRH antagonist (pre and post GnRH antagonist testosterone was 86 ng/ml and 94 ng/dL, respectively).
One potential mechanism for failure of GnRH antagonism in this clinical scenario is the patient's insulin resistance. Although her type 2 diabetes was relatively well controlled on oral hypoglycemic agents with an estimated average serum glucose value of 142.7 mg/ dL, hyperinsulinemia may have acted synergistically with luteinizing hormone (LH) to stimulate her ovaries. Because we have no pre-or post-operative quantitative measurement of serum insulin levels, we cannot further evaluate this hypothesis; however, if this patient's hyperandrogenemia were due to a combined effect of LH and elevated insulin levels, one would still expect a modest decrease in testosterone with the use of GnRH antagonist, which immediately abrogates release of LH from the ovary.
Another possible explanation regarding why Ganirelix failed to suppress ovarian testosterone production is that the single dose of 250 mcg may not have been sufficient to significantly suppress ovarian testosterone production. A GnRH agonist could also have been used to assess the gonadotropin dependence of ovarian androgen production; however, in this case, given the concern for possible occult malignancy in this rapidly virilizing, symptomatic postmenopausal woman, use of the quick acting GnRH antagonist was preferred with progression to surgery once a significant effect of the antagonist therapy was not seen.
To the best of our knowledge, this is the first report of a patient with OSH who failed treatment with GnRH antagonist therapy. Although we are not able to completely elucidate the mechanism for failed ovarian response to GnRH antagonism, our demonstration of independent ovarian androgen production was concerning enough for a cancerous process to prompt surgical intervention. Given the overlapping concerns of potential occult ovarian cancer in patients with hyperandrogenemia and virilization, we suggest that providers consider oophorectomy rather than hormonal suppression in postmenopausal patients or in women who have completed childbearing.
